We have reported earlier that a bystander effect is seen in cancer cells that are resistant to high concentrations of the interferon-a protein (Intron A) when treated with adenoviral-mediated interferon-a (Ad-IFN-a). We now provide further evidence for this bystander effect using conditioned medium (CM) collected from Ad-IFN-a-infected cancer and normal urothelial cells. The CMs collected from UC-9 and KU7 bladder cancer cells as well as normal urothelial cells following transfection with Ad-IFN produce cell death when added to various cancer cell types in culture but not to normal urothelial cells. The CM could be filtered, frozen and thawed, and diluted to at least one part Ad-IFN CM to five parts fresh control medium and the diluted CM still shows a similar cytotoxicity as a 100% concentration of Ad-IFN CM. This cytotoxicity was observed by both flow cytometry and MTT assays as well as by phase microscopy, and a significant sub-G1 population was seen whether the CM was collected 48, 72 or 96 h after initial Ad-IFN treatment. In addition, the CM could be partially inactivated by exposure to 65 1C for 30 min and totally inactivated by placement at 92 1C for 3 min, whereas Intron A was not inactivated under the same conditions. Importantly, although significant caspase 8 and caspase 9 cleavage occurred in Ad-IFN-treated cells as a direct effect of Ad-IFN transfection, the Ad-IFN CM produced no activation of caspase 8 and caspase 9, indicating that a different mechanism of cell death was produced by the bystander factor(s) than the direct effect of Ad-IFN. This bystander effect in turn may play an important role in the efficacy of the current Ad-IFN clinical trial for superficial bladder cancer now underway.
Introduction
We have reported earlier that Ad-IFN-a is cytotoxic to bladder cancer cells that are resistant to high concentrations of the IFN-a protein (Intron A) and produces a strong bystander effect mediated by soluble factor(s). [1] [2] Although the bystander effect can be shown using a co-culture system involving membrane inserts, 2 the nature of the bystander factor(s) remains unknown. To better characterize the bystander factor(s), we prepared conditioned medium (CM) from Ad-IFN-treated bladder cancer cell lines UC9 and KU7, which are both resistant to the IFN protein and from Ad-IFN-treated telomeraseimmortalized normal human urothelial cells, TERT-NHUC. 3 Fortunately, the CM obtained from both Ad-IFN-transfected normal and cancer cells was cytotoxic when added to various cancer cell types but not normal cells. Using this CM, we have further characterized several aspects of the bystander factors that are produced and show that the mechanism of cell death is different than the direct effect of Ad-IFN transfection and expression in cancer cells.
Materials and methods

Cell lines
The bladder cancer cell line UM-UC9 was provided by Dr Barton Grossman and the breast cancer cell lines, MCF7 and ZR75T, were obtained from Dr Khandan Keyomari at the University of Texas M.D Anderson Cancer Center. The prostate cancer cell line DU145 and bladder cancer cell lines KU7 and RT4 were available in our laboratory. The cancer cells were grown in MEM or RPMI 1640 with 10% fetal bovine serum (FBS) and incubated at 37 1C in 5% CO 2 and 95% air. TERT-NHUC cells were grown in K-SFM medium with cholera toxin.
3
Reagents and adenovirus infection Adb-gal and Ad-IFN-a2b (Ad-IFN) were obtained from the Schering-Plough Research Institute (Kenilworth, NJ, USA). Cells were exposed to the adenoviral vector at a 50 or 100 multiplicity of infection (50-100 MOI) for 3 h in a medium without serum. The virus was then removed and complete control medium was added. Transfection frequency was checked by immunostaining to ensure that the transfection rates were comparable in different experiments as described earlier. 2 Recombinant a-2b-interferon (Intron A) obtained from the Schering-Plough Research Institute was reconstituted at 1 Â 10 7 IU/ml and diluted to 1 Â 10 4 IU/ml with medium containing 10% FBS. This concentration of Intron A was used for all experiments involving Intron A.
Generation of CM
The UC9 and KU7 bladder cancer cells and TERT-NHUC normal urothelial cells were plated into 100-mm dishes at 1 Â 10 6 cells/dish. After Ad-IFN infection as outlined above, the medium was harvested from the Ad-IFN-infected dishes at various times after treatment, filtered through a 0.22 mm filter and termed either UC9-Ad-IFN CM, KU7-Ad-IFN CM or NHU-Ad-IFN CM. The medium harvested from the noninfected control cells was termed UC9 or KU7-control CM and medium from the Adb-gal-treated cells were termed UC9 or KU7-Adbgal CM. The entire CM was then aliquoted and stored at À80 1C.
Heat-inactivation studies
For CM heat inactivation the Ad-IFN CM was placed in a water bath at 92 1C for 3 min and then placed at room temperature for cooling. For Intron A inactivation, 50 ml of Intron A was added to 450 ml of MEM and placed in a water bath at 92 1C for 3 min. After cooling at room temperature, 200 ml of the Intron A-containing medium was added to 20 ml MEM þ 10% FBS. The cells were then treated similarly as the Intron A-containing medium, which was not heat-inactivated.
Quantification of sub-diploid population by flow cytometry The cells were plated into 100-mm dishes at 1 Â 10 6 cells/ dish 24 h before infection. After Ad-IFN infection or CM exposure, the control and treated cells were harvested at various time points with trypsin-EDTA and washed in 1 ml of cold phosphate-buffered saline (PBS). The cells were then suspended in 0.5 ml of propidium iodide solution (50 mg/ml propidium iodide, 0.1% Triton X-100, and 0.1% sodium citrate in PBS). Cells were then incubated at 4 1C for 2 h in the dark. Subsequently, the percentage of cells showing sub-G1 DNA fragmentation was taken as a measure of apoptotic rate using PI staining and measuring with a fluorescence-activated cell sorter.
MTT assay
The various cells were seeded into 24-well plates at 1 Â 10 4 cells/well on the day before treatment. The cells were infected with virus for 3 h or treated with CM as described above. The medium was then removed at different time points and 200 ml of medium was added containing 1 mg/ml of 3-(4, 5-dimethylthiazol-2-)-2,5-diphenyltetrazolium bromide (MTT). After 3 h of incubation at 37 1C, the reaction was stopped with 200 ml of N, N-dimethylformamide lysis buffer, and the resultant solution was read at A595 with a microreader.
Western blotting
The normal TERT-NHUC cells or bladder cancer cell lines, UC-9 or KU7, were treated with various CMs, Ad-IFN or Intron A. After 24, 48 or 72 h of treatment, the cells were lysed using the conditions outlined in the product brochure (Cell Signaling Technology, Beverly, MA, USA), subjected to 15% SDS-PAGE, and transferred to nitrocellulose membranes. The membranes were then blotted with anti-caspase 8 or anti-caspase 9 antibodies (Cell Signaling Technology). Equal loading was confirmed by blotting with anti-b-Actin antibody (Sigma, St Louis, MO, USA). The blots were incubated with chemiluminescent substrate (ECL, Amersham, Little Chalfont, UK) and then developed by exposure to X-ray film.
Statistical analysis
Statistical analysis for the MTT and flow analysis were carried out using the General Lineal Models of the Statistica software (StatSoft, Inc., Tulsa, OK, USA).
Results
Production by Ad-IFN of soluble bystander factors in CM To determine if there was an optimal duration for the production of bystander factors into the CM, UC9 cells were transfected with Ad-IFN and cultured in fresh medium without virus for 24, 48, 72 and 96 h. The medium was then removed, filtered, aliquoted and frozen as Ad-IFN CM for later use. Medium from cells that had received no Ad-IFN was obtained at each time point as control CM. The undiluted CM obtained from all time points was then added separately to UC9 cells for 24, 48 and 72 h and at each time point the sub-G1 population was measured. No increase in the percentage of sub-G1 cells was found at any time exposure for Ad-IFN CM removed 24 h after transfection (data not shown). However, there was an increase in the percentage of sub-G1 cells in CM obtained 48, 72 and 96 h after treatment following exposure of the CM for 48 and 72 h (Figure 1a) . There was also a small increase in the percentage of sub-G1 cells in Ad-IFN CM obtained 72 and 96 h after Ad-IFN treatment compared with that obtained at 48 h. CM was tested routinely for the presence of infectious virus and none could be found.
Whether or not the Ad-IFN CM could be diluted with fresh medium was then tested with KU7 produced Ad-IFN CM. Diluting the CM at a ratio of 1:5 and exposing the KU7 cells for 48 h did not significantly decrease the percentage of apoptotic cells compared with undiluted Figure 2c ). The UC9 produced Ad-IFN CM not only markedly decrease the growth of UC9 cells but also DU145 and ZR75T cells (Figures 2a-c,  respectively) . The cytotoxicity produced by the CM was also readily apparent as shown by phase microscopy (Figure 3a) . However, no cytotoxicity was observed when the Ad-IFN CM was added to normal TERT-NHUC cells (Figure 3a) . In addition, the ability of the CM to cause cytotoxicity was temperature sensitive, as the activity was partially lost by exposure to 65 1C for 30 min and was totally inactivated by placement at 92 1C for 3 min (Figure 2d ). However, treatment of Intron A containing medium at 92 1C for 3 min did not inactivate the cytotoxicity produced by Intron A in the highly interferon-a-sensitive RT4 bladder cancer cells (Figure 3b ). This again shows by a different approach that Intron A is not a factor in the cytotoxicity produced by Ad-IFN CM to the interferon protein-resistant UC9 and KU7 cell lines.
CM produced by Ad-IFN treatment in normal urothelial cells is cytotoxic to bladder cancer cells Although CM produced from cancer cells following Ad-IFN treatment was not cytotoxic to normal human urothelial cells (Figure 3 Ad-IFN produces activation of caspase 8 and 9 directly in cancer cells but not Ad-IFN CM We had shown earlier that both caspase 8 and 9 were cleaved as a direct effect of Ad-IFN transfection and expression in UC9 and KU7 cells as a measure of apoptotic related cell death. 2 It was therefore of interest to determine whether similar caspase activation was produced during Ad-IFN CM-induced cytotoxicity, because if this were not the case it would help distinguish between the two types of cell death produced as a direct or bystander effect. Indeed, as shown in KU7 cells, no caspase 8 or 9 cleavage was seen following Ad-IFN CMproduced cytotoxicity, indicating a different mechanism of cell death between the direct Ad-IFN cytotoxicity and that which is produced by Ad-IFN CM in Intron A-resistant cancer cells ( Figure 5 ).
Discussion
We have reported earlier that intravesical instillation of Ad-IFN in the presence of Syn3, the latter which significantly increases adenoviral-mediated gene transfer, produced a large reduction in KU7 bladder tumor cells growing superficially in the bladder of athymic mice. 1, 4 Unexpectedly, the KU7 cell line was found to be highly resistant to Intron A, 1, 5 leading to the concept that in Intron A resistant cells Ad-IFN could kill cancer cells by mechanisms unrelated to the direct interferon-a effect. 1 In addition to the direct cytotoxicity produced by Ad-IFN being transfected and expressed in the cancer cells, a bystander effect was observed, which was subsequently shown to be produced by a soluble factor(s). 2 We have now found the cytotoxicity produced by the soluble bystander factor(s) can be demonstrated in CM obtained after treating both human bladder cancer cells and normal human urothelial cells with Ad-IFN. The CM could be frozen and thawed, diluted at least 1:5 with fresh medium and still produce its cytotoxic effects in cancer cells but not normal cells. Therefore, Ad-IFN CM should be an excellent source to try and isolate, and identify the soluble bystander factor(s).
In addition, we have shown that, whereas Ad-IFN transfection and expression produce caspase 8 and 9 activation as a measure of caspase-dependent cell death, no caspase 8 or 9 cleavage was apparent following cytotoxicity produced by Ad-IFN CM. Consequently, different mechanisms of cell death are involved in the direct cytotoxicity produced by Ad-IFN compared with that caused by the CM as a measure of the bystander effect in interferon protein-resistant cancer cells. This bystander effect in turn may prove particularly important in the ongoing intravesical phase 1 trial with Ad-IFN/ Syn3 for patients with superficial bladder cancer who Figure 1 . Strong caspase 8 cleavage and marked decrease in procaspase 9 associated with caspase 9 cleavage was seen following Ad-IFN treatment whereas none was seen after addition of Ad-IFN CM, although a significant percentage of sub-G1 cells were seen with this treatment (See Figure 1b) . b-actin was used as a control for equal loading.
Ad-IFN-a produces strong bystander effects X Zhang et al have recurred after Bacillus Calmette-Guerin (BCG) treatment. The bystander factors produced by Ad-IFN in both normal urothelial and cancer cells could be a significant cause of tumor cell kill in addition to prolonged high levels of IFN in the urine and the direct effect of Ad-IFN transduction and expression in the tumor cells.
